ABsTRACT Our previous studies have confirmed that morroniside has neuroprotective effects. However, the effects of morroniside on cardiac myocardium remain unknown. Rats were anaesthetized with 10% chloral hydrate (0.35~0.4 mL/ kg) and an acute myocardial infarction (AMI) was induced by ligating the anterior descending coronary artery (LAD). Following AMI, morroniside was administered intragastrically for 3 consecutive days at doses of 45, 90 and 180 mg/kg, respectively. Lactate dehydrogenase (LDH) and cardiac troponin T (cTnT) activities in AMI rats in the serum were detected with commercial kits. The expression of IL-6, IL-1β and TNF-α in myocardium was detected by Western blotting analysis. We observed a significant decline in the Q(q) wave amplitude in morroniside-treated rats after 72 h. Additionally, treatment of morroniside decreased the levels of LDH and cTnT in AMI rats. We also observed that morroniside reduced the expression of IL-6, IL-1β and TNF-α in myocardium. Taken together, our findings demonstrate that morroniside had effective anti-inflammatory properties in AMI rats.
INTRODUCTION
Worldwide, acute myocardial infarction (AMI) is a se vere disease with high mortality. AMI is accompanied by inflammatory responses that lead to the recruitment of leukocytes and subsequent myocardial damage and scar formation [1] . Several studies have shed a new light on both the positive and negative roles of inflammation in processes of tissue repair and regeneration [2] . Although inflammation plays a critical role in cellular debris removal and the formation of new tissue after ischemic injury, exaggerated inflammation may obstruct the healing process, as shown in ApoE −/− mice with coronary artery ligation [3, 4] . Inflammation plays an important role in the development of myocardial infarction (MI) [2, 5] .
Morroniside extracted from Cornus officinalis is one of the most abundant iridoid glycosides. It has been shown that morroniside not only ameliorates antioxidative and anti apoptotic effects in vitro, but that it also improves neurological functional recovery in vivo [610] . The effects of morroniside on cardiac myocardium have not been comprehensibly explored. In the present study, we investigated whether morroniside could reduce myocardial inflammation in AMI rats. ensure physical and psychological wellbeing. All animals were anesthetized throughout surgery and postoperative care was provided after the surgery.
MeThODs

Ethics statement
Drug preparation
Morroniside was extracted and purged from the sarcocarp of C. officinalis as previously described (Fig. 1) [8] .
Animals and AMI model
Adult male SpragueDawley (SD) rats (250 to 280 g) were acquired from Beijing Vitalriver Experimental Animal Co. (Beijing, China).
As described previously [11, 12] , rats were anesthetized by intraperitoneal injection of 10% chloral hydrate (0.35~0.4 mL/kg), mechanically ventilated with a small animal ventilator (Harvard 683, U.S.A) at 50 breaths/min. The inspiratory/expiratory ratio was set to 1:2 and the tidal volume was adjusted to 2~3 mL/100 g body weight. Thoracotomy was performed through the fourth intercostals space and the left anterior descending coronary artery was ligated 2~3 mm away from its origin between the pulmonary artery conus and the left atrium with 6.0 prolene suture. Successful coronary occlusion was verified by observing the development of a pale color in the distal myocardium and ST segment elevation on ECG after ligation.
SD rats that were subjected to the described AMI model were candidates for morroniside administration. Immediately following regaining of consciousness post AMI, morroniside, dissolved in ddH 2 O, was administered intragastrically once daily for 3 days at doses of 45, 90 and 180 mg/kg, respectively. In sham operated animals the LAD artery was not ligating. The vehicle control groups of AMI rats and shamoperated rats received an equal volume of normal saline.
Electrocardiogram
Rats were anesthetized with 10% chloral hydrate and nee dle electrodes were inserted into the lead II position. Electro cardiograms (ECG) of the experimental animals were recorded (MP150, BIOPAC Co., U.S.A).
Determinations of LDH and cTnT
Serum samples of rats were obtained from aorta abdominals after ligation for 72 h. The LDH and cTnT activities in the serum of rats were detected by respective commercial kits (JianCheng Bioengineering, Nanjing, China).
Western blot analysis
After day 3 post AMI, each rat was sacrificed under 10% chloral hydrate (0.35~0.4 mL/kg) anesthesia and its heart was harvested for western blotting procedures. Myocardial proteins were extracted using RIPA Lysis Buffer (Beyotime Inc., China) and 1% phenylmethanesulfonyl fluoride (PMSF). Following homogenization of myocardial tissues and ultrasonic grinding to no precipitation, the samples were centrifuged at 12,000×g at 4°C for 30 min and the supernatants were collected as total protein. All the steps above were carried out on the ice, to avoid protein denaturation. Protein concentrations were determined by using a bicinchoninic acid (BCA) protein assay kit (applygen, China). Protein samples (40 µg/lane) were separated by 15% SDSPAGE and electrically transferred onto a nitrocellulose membrane (250 mA, 1 h). The membranes were blocked with 5% nonfat milk solution for 2 h at room temperature and then incubated with primary antibody against IL6 (1:1000 dilution, abcam, ab9324), TNFα (1:1000 dilution, abcam, ab11564), IL1β (1:1000 dilution, abcam, ab9722) and GAPDH (1:1000 dilution, CST, #5174) in Trisbuffered saline Tween20 (TBST) containing 5% nonfat milk solution overnight at 4°C. Membranes were washed 3 times for 10 min each with TBST solution and incubated with secondary antibody (1:4000 dilution, ZSGBBIO, China) at room temperature for 2 h. The transferred proteins were visualized by an enhanced chemiluminescence (ECL) system (FluorChemHD2, ProteinSimple Co., U.S.A). All bands of interest were quantified and normalized to their respective GAPDH bands.
Statistical analysis
All data are presented as the means±S.E.M. Oneway analysis of variance (ANOVA) followed by a Newman-Keul's multiple comparison test (GraphPad Prism 5) was used to compare sham and treated groups. A value of p<0.05 was considered statistically significant. Fig. 1 . structure of morroniside. Fig. 2 illustrates that normal rats did not show any changes in ECG pattern. AMI rats showed a significant elevation in ST segments on ECG compared to sham controls, suggesting that modeling was successful. Our data demonstrate that at 72 h following AMI, morroniside treatment resulted in a significant decline in Q(q) wave amplitude. Early postAMI, total Qwave amplitude (QWAmp) independently correlated with infarct size [13] . Large infarct size increased immediate morbidity and mortality and, in rats that survived this acute event, larger non functional scars adversely affect longterm prognosis [14] .
ResULTs
Electrocardiographic features
Morroniside suppressed the levels of LDH and cTnT in AMI rats
It was found that the activities of LDH and cTnT were increased in the serum in AMI rats, compared with the sham group. Treatment with morroniside (45, 90 and 180 mg/kg) for 3 days reduced the levels of LDH and cTnT, compared with the vehicle group (Fig. 3) . This finding indicated that morroniside was effective for the treatment of AMI in rats.
Effects of morroniside on IL-6 , IL-1β and TNF-α levels
As shown in Fig. 4 
DIsCUssION
It has been shown that C. officinalis plays important roles in the regulation of the antioxidative, antidiabetic and anti inflammatory immune response [15] . Previous studies have characterized the potent acute neuroprotective effects of morroniside, a primary active ingredient extracted from the Chinese herb C. officinalis (Chinese name, Shanzhuyu), following both an oxidative stressinduced neurotoxic cell death model and a focal cerebral ischemia rat model [610] . Here, we focused on the role of morroniside treatment in a preclinical rat model of AMI, contributing novel findings on the anti inflammatory activities of morroniside.
After AMI, inflammatory cytokines such as IL6 [16] , IL1β and TNFα were reported to be elevated and their increasing levels was closely correlated to disease severity and prognosis of the patients. IL6, with its extensive bioactivities, causes various biological effects in the process of inflammatory reaction, antiinfection and injury [17] . In the fast revascularization during instability in coronary artery disease (FRISCII) trial, IL6 was related to increased risk of mortality among patients presenting with AMI. Among patients with elevated IL6 levels, early invasive strategy prompted a significant 65% decrease in mortality at 1 year after treatment [18] . The secondary prevention cholesterol and recurrent events (CARE) trial studies reported that TNFα has been associated with an elevated risk of recurrent MI and cardiovascular death after a first MI [18] . TNFα production is increased in unstable atherosclerotic plaques [18, 19] and is detectable in increased concentrations in patients with AMI [18, 20] . Furthermore, plasma TNFα concentrations are predictive of death and recurrent ischemic events following AMI [18, 21] . Clinical studies demonstrated that the level of IL 6, IL1β and TNFα increased dramatically in the circulatory and myocardial tissue of patients with heart failure, which were positively correlated with the severity of the condition. The previous experiment verified that TNFα and IL1β impair the myocardial systolic functions in rats and exert toxic effects on cultured cardiocytes [22] . Inflammatory cytokines may reduce matrix synthesis and increase its degradation, favoring plaque rupture [23] . Canakinumab is a human monoclonal antibody that selectively neutralizes IL1β. The Canakinumab Anti inflammatory Thrombosis Outcomes Study (CANTOS) examines how blocking IL1β with canakinumab lowers recurrence rates of myocardial infarction, stroke and cardiovascular disease [24, 25] .
In summary, our findings suggest that morroniside could reduce IL6, IL1β and TNFα levels. As the results of our Western blot shown, antiinflammation mechanisms might be involved in the cardioprotection of morroniside treatment post AMI. 
